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ABSTRACT
Introduction  The elderly are particularly vulnerable 
to morbidity and mortality from COVID-19, the disease 
caused by the SARS-CoV-2. Approximately 20% of the 
elderly showed no antibodies 3–5 months post-second 
dose of the COVID-19 vaccine. As probiotics have been 
shown to increase influenza-specific antibody levels post-
influenza vaccination, we aim to reduce the percentage of 
participants without antibodies against the SARS-CoV-2 
spike protein receptor-binding domain (anti-S1-RBD) at 6 
months post-vaccination.
Methods and analysis  Our study design is a double-
blind randomised controlled trial, using intention-to-treat 
analysis. Eligible participants are a purposive sample 
of 688 adults aged 65–89 years, in Quebec, Canada, 
not diagnosed with COVID-19 in the 3 months prior to 
recruitment and who wish to receive a government-
recommended mRNA booster (Pfizer-BioNTech, Moderna) 
vaccine. The intervention consists of one capsule/day 
of a probiotic dietary supplement of Lacticaseibacillus 
rhamnosus and Lacticaseibacillus casei 6×109 CFU/
capsule or a placebo, for 15 days pre-booster and post-
booster vaccine. All participants provide dried blood spot 
samples at three timepoints (inclusion, 3 and 6 months 
post-vaccination) and a stool sample for microbiome 
analysis. A subgroup of 100 participants living near 
Sherbrooke, Quebec, is expected to volunteer for two 
onsite blood-test visits (at inclusion and 6 months post-
vaccination). The primary outcome is the percentage of 
participants without anti-S1-RBD antibodies at 6 months 
post-vaccination. Secondary outcomes include longitudinal 
analysis of anti-S1-RBD and anti-N antibodies at three 
timepoints. In the subgroup, serum levels of neutralising 
antibodies will be determined at inclusion and 6 months 
post-vaccination. Probiotic and vaccine side effects are 
monitored. At the end of the study, we expect to identify 
the adjuvant effect of probiotic on vaccine-induced 
immune response.
Ethics and dissemination  The study was approved by 
Research Ethics Board of the Centre Intégré Universitaire 
de Santé et des Services Sociaux de l’Estrie- Centre 
Hospitalier Universitaire de Sherbrooke (CIUSSS de 

l’Estrie-CHUS) and the CHU de Québec-Université Laval 
# MP-31-2022-4598 as well as Health Canada. All 
participants will provide informed consent. Results will 
be disseminated to the scientific community and to all 
networks related in this research.
Trial registration number  NCT05195151.

INTRODUCTION
The elderly population is particularly at risk 
of morbidity and mortality from COVID-19, 
the disease caused by the SARS-CoV-2.1–3 
Vaccination against COVID-19 began in 
Canada in 2021, mainly using the mRNA 
vaccines by Pfizer-BioNTech and Moderna. 
However, due to waning immunity and subse-
quent large-scale infection by SARS-CoV-2 
delta and omicron variants,4 booster doses 
have proven necessary.5 While two doses of 
vaccine induced robust activation of cell-
mediated and humoral immune response,6 7 
the magnitude was less than that conferred 
by natural COVID-19 infection.8–10 A recent 
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the durability of COVID-19 vaccine protection in the 
elderly.
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prescription in Canada and other countries, sug-
gesting a cost-effective and easily implementable 
option worldwide.

	⇒ Recruiting to target sample size will be a challenge 
mainly because participants have to be contacted 
3–4 weeks before their booster dose appointment 
(for 2 weeks of probiotic/placebo intake before 
vaccination).

	⇒ Maintaining adherence during a 6-month study with 
multiple sample collection is a challenge as well.
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meta-analysis showed that COVID-19 vaccines in the 
elderly were effective and tolerated, with a decrease in 
COVID-19-related deaths.11 Nonetheless, 3 months after 
vaccination, antibody levels declined,12 at a faster rate in 
the elderly than in the general population.1 2 Three to 
five months after the second dose, 20% of older adults 
showed no trace of anti-COVID antibodies.1 13 14 Many 
countries, including Canada, have offered booster doses 
every 5 or 6 months. A high frequency of booster adminis-
tration is a strain on public health resources and increases 
societal and economic costs. COVID vaccine durability is 
thus a public health concern.

The human microbiota, defined as all microorganisms 
colonising the human body in the gut and oral cavity, are 
known to play a role in host protection, from tight junc-
tion regulation in the intestinal mucosa to the produc-
tion of short-chain fatty acids to increasing innate and 
acquired immunity.15–18 Microbiota involvement has been 
reported in digestive, respiratory, autoimmune and meta-
bolic diseases.16 In the elderly, gut microbiota showed less 
diversity, lower levels of beneficial bacteria and higher 
levels of pathogenic species.19 Furthermore, the use of 
antibiotics reduced immune response to vaccine boosters 
in individuals with low titres of existing antibodies.20 If 
gut microbial dysbiosis (ie, a state of imbalance leading to 
a loss of diversity or a change in community composition) 
was to partially explain differential response to vaccina-
tion, intervention with probiotics might improve vaccina-
tion effectiveness.21

Two meta-analyses reported improved response to the 
influenza vaccine with probiotic coadministration,22 23 as 
has a randomised controlled trial in the elderly.24 Never-
theless, it remains difficult to draw clear conclusions on 
the benefits of probiotic coadministration with vaccina-
tion based on these studies, as they included different 
sample sizes, different strains and doses of probiotics, 
and different modes of administration and lengths of 
treatment.25 A recent trial on probiotics and COVID-19 
vaccination in nursing home residents showed conflicting 
results, with a trend towards positive effects.26 Three trials 
on probiotic coadministration with COVID-19 vaccina-
tion are currently registered on ​clinicaltrials.​gov.27 We 
hypothesised that probiotics taken at the time of the 
COVID-19 booster dose would improve both humoral 
(antibodies to the SARS-CoV-2 receptor-binding domain) 
and cell-mediated (T and B cells) immune response in 
the elderly. This would increase immunity in the medium 
term and allow for longer spacing between booster doses. 
Further, increased memory cell immunity might prove 
protective against future variants.

To test this hypothesis, we will conduct a randomised 
controlled trial using a two-strain probiotic dietary 
supplement as adjuvant to the COVID-19 vaccine booster 
dose, with the aims of reducing the percentage of elderly 
without antibodies to the SARS-CoV-2 spike protein at 
6 months post-vaccination. Our secondary objectives 
include a longitudinal analysis of antibodies at inclusion 
and at 3 and 6 months post-vaccination (dried blood 

spots), as well as a comparison of antibodies and spike-
specific T and B cell levels at inclusion and at 6 months 
post-vaccination in a subset of participants. Further, we 
will also compare the proportion of confirmed cases of 
COVID-19 (by rapid antigen testing or PCR with symp-
toms and the proportion of COVID-19 asymptomatic 
cases in each study group). We will also monitor local and 
systemic side effects.

METHODS
Study design and population
The study design is a randomised controlled trial, using 
intention-to-treat analysis. The intervention consists 
of a probiotic supplement, as compared with an inert 
placebo, for enhancing immune response in the elderly 
for a period of up to 6 months following COVID-19 vacci-
nation. The trial is to be conducted throughout Quebec 
(Canada) and coordinated by our study site at the Centre 
de recherche du Centre hospitalier universitaire de Sherbrooke 
(CR-CHUS). A convenience sample of 100 participants 
living in the Eastern Townships (Estrie), Quebec, in addi-
tion to taking part in the proposed study, will provide 
onsite blood samples for additional serological testing 
as part of the proposed study, that is, if participants are 
able to travel to the CR-CHUS, they will be invited for two 
in-person blood tests, until 100 subgroup participants are 
reached. With the COVID-19 situation in constant flux, 
the targeted booster vaccination is defined as the next 
booster dose of the mRNA COVID-19 vaccine (Moderna 
or Pfizer), as recommended by Quebec Public Health.

Inclusion/exclusion criteria
Adults aged 65 to 89 years, of either sex, living at home 
or in independent-living retirement homes in Quebec, 
Canada, are eligible for participation if they wish to 
receive the next government-recommended COVID-19 
mRNA vaccine booster dose, if they have already received 
three vaccine doses (Pfizer-BioNTech or Moderna) and 
if the latest dose was at least 5 months prior to inclusion. 
Other inclusion criteria are telephone and/or internet 
access and cognitive ability to provide informed consent. 
The latter will be assessed using the Functional Activ-
ities Questionnaire;28 participants with scores ≥9 will be 
excluded. Other exclusion criteria are allergy (soy, lactose, 
yeast, maltodextrin), chronic immunodeficiency/immu-
nosuppression (eg, concurrent cancer chemotherapy or 
radiotherapy; concurrent active treatment for intestinal 
disorders such as duodenal ulcers, coeliac disease, ulcer-
ative colitis, and Crohn’s) and use of probiotics and/
or antibiotics at the date of inclusion. Individuals with 
a serious condition precluding safe participation to the 
end of the study are excluded, as well as those having 
had COVID-19 in the past 3 months (confirmed clinically 
or, in the case of the 100-people subgroup, a posteriori 
by serological testing). Individuals who speak neither 
French nor English are excluded.
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Recruitment, screening and consent
The study will be advertised at community centres and on 
social media, with a telephone number for callback, as 
well as through word of mouth from participants already 
registered. Different recruitment strategies will be used, 
including advertising in traditional media, information 
meetings in retirement homes and contacting potential 
participants from professional community lists.

Preliminary eligibility will be determined online or by 
telephone. A research assistant will then call potential 
participants, to explain the study, answer questions and 
blind telephone recordings.

Randomisation
Participants are randomised 1:1 into the placebo or inter-
vention group, using permuted block randomisation 
stratified by age (65–79 years, 80–89 years) and sex (male, 
female). Randomisation will be programmed by the 
Applied Clinical Research Unit (URCA) of the Centre de 
recherche Azrieli of the Centre Hospitalier Universitaire de Sainte-
Justine and performed online using REDCap.

The study will be double-blinded. Until unlocking of 
the database at study end, neither the participants nor 
the research team, partner or affiliated laboratories will 
be informed of the participants’ group allocation. Phar-
macists at CR-CHUS will prepare study products (probi-
otics or placebo) as per REDCap blinding requirements, 
using investigational products provided by Lallemand 
Health Solutions Inc. (Mirabel, Quebec, Canada) prior 
to study start.

Intervention
The intervention consists of an oral probiotic dietary 
supplement containing two bacterial strains of Lacticasei-
bacillus rhamnosus and Lacticaseibacillus casei 6×109 CFU/
capsule or a placebo. Capsules for both probiotic and 
placebo are otherwise identical.

All participants take one capsule of the investigational 
product (probiotic or placebo) per day for 30 days: 15 days 
before and 15 days after receiving the COVID-19 vaccine 
booster shot. Should the vaccination appointment be 
delayed by more than 3 days once treatment has begun, 
treatment will continue until 15 days post-vaccination. An 
extra bottle of 35 capsules is kept for each participant at 
the hospital pharmacy, if needed.

Outcome measures
Primary outcome measure
The primary outcome measure is the percentage of 
participants without detectable antibodies against the 
SARS-CoV-2 spike protein receptor-binding domain (anti-
S1-RBD) at 6 months following the vaccination booster 
dose. Anti-S1-RBD antibodies prevent binding of SARS-
CoV-2 to the ACE-2 receptor and thus correlate well with 
neutralising antibodies (NAb) and vaccine effectiveness.29 
Levels of anti-S1-RBD antibodies will be determined by 
colorimetric ELISA on dried blood spot samples. As per 
the manufacturer’s guidelines, the positivity threshold is 

set at 3 SD above the mean of negative controls (optical 
density on colorimetric blotting paper). ELISA tests have 
95% sensitivity and 100% specificity.29

Secondary outcome measures
Secondary outcome measures are a longitudinal analysis 
of anti-S1-RBD and anti-nucleocapsid (Anti-N) antibodies 
at three different timepoints (inclusion; 3 and 6 months 
post-vaccination). Possibly, a quantitative variable will also 
be available. The analysis will be performed as described 
above on dried blood spot samples.

We will also compare the percentage of confirmed cases 
of COVID-19 with and without symptoms in each group 
(COVID-19 confirmed by rapid antigen testing or PCR). 
The analysis will be done using the reported adverse 
events and presence of antibodies Anti-N.

Another secondary outcome is the level of NAb and 
spike-specific T and B cells, at inclusion and at 6 months 
post-vaccination, in the subset of 100 participants 
providing venous blood samples. Lymphocyte binding to 
the spike protein will be measured by flow cytometry as 
described.30 31 Absence of COVID-19 infection within the 
previous 3 months will be assessed by ELISA against the 
viral nucleocapsid.32 33

Subsequent analyses will include the comparison of 
gut microbial communities in both study groups at base-
line, using stool samples provided by all participants at 
the time of inclusion. DNA will be extracted from stool 
samples and then sequenced using shotgun metagenomic 
sequencing on a NovaSeq 6000 platform (Illumina, 
Genome Quebec, Montreal, Canada). The bioBakery 
workflow (Huttenhower Lab, Massachusetts, USA) will be 
used for computer analysis. Shotgun sequencing data will 
go through metagenomic phylogenetic analysis (Meta-
PhlAn V.3.0) to obtain a profile of microbial communities 
(bacterial, archaeal, viral, eukaryotic).

Clinically, we will monitor side effects of the inves-
tigational product as well as those of the vaccine, both 
local (pain or redness at the injection site, swollen lymph 
nodes) and systemic (fever, fatigue, headache, muscle 
aches, digestive troubles, flu-like symptoms). We will also 
take note of COVID-19 infections (FLU-PRO question-
naire,34 followed by COVID-19 rapid testing).

Changes in outcome measures
Secondary outcomes have been modified to add an 
Anti-N antibody analysis. This type of analysis was not 
available when the protocol was first written and seems to 
be essential to giving more answers about the proportion 
of COVID-19 infections.

Contamination bias
To prevent potential contamination bias, as probiotics 
are widely available and potential benefits assumed by 
the general population, participants are asked not to use 
probiotics (other than the investigational product) for 
the duration of the study. Questionnaires on probiotic use 
are completed before and during the study. Participants 
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found to have used over-the-counter probiotics will be 
documented but retained in study analyses.

Data and biological samples—collection and storage
For most participants, there are no in-person study visits. 
Biological samples are collected at home. These include 
one baseline stool sample and three dried blood spot 
samples: at inclusion, at 3 months post-vaccination and at 
6 months post-vaccination. Blood spot samples are done 
by finger-prick testing on blotter paper; stool samples are 
self-performed. All samples are done at home and sent 
in by courier. Should any participants require help with 
sampling, a research team member will be available by 
phone or in person, upon request.

For a subset of 100 participants in the Sherbrooke area, 
there will be two in-person visits, one at baseline prior to 
starting any treatment and one at 6 months after vaccina-
tion. Venous blood collection will be done by a nurse at 
both visits, using the same brand of vacuum blood collec-
tion tubes with EDTA for anticoagulation. For each partic-
ipant, five 4 mL tubes of blood will be collected. The final 
visit will include a satisfaction questionnaire regarding 
the research team, recruitment process, and acceptability 
of data and specimen collection. To decrease loss to 
follow-up, for those with mobility issues or if requested by 
participants, nurses will collect dried blood spot samples 
at the participant’s home.

Biological samples
Dried blood spot samples will be couriered to the Sher-
brooke study site, then sent to Guy Boivin’s lab in Quebec 
City for analysis. Venous blood samples will be processed 
and stored at the Sherbrooke study site (S. Ramanathan). 
Stool samples will be couriered and stored in A. Piché’s 
lab, sent to Genome Quebec for analysis, and interpreted 
at I. Laforest-Lapointe’s lab in Sherbrooke.

Data collection
At the time of enrolment, questionnaires will be 
completed. These include questions on sociodemo-
graphic data, height and weight, ethnicity, vaccination 
status, current medications, medical history and comor-
bidities such as cancer. A validated food frequency ques-
tionnaire35 will assess dietary habits.

Information on investigational product intake will be 
collected every 2 weeks for the first 33 days, online or by 
telephone. This will help in ensuring adherence to treat-
ment and will be used to monitor adverse effects, if any.

Information on booster vaccination will be collected 
once a week, for 2 weeks. This includes local and systemic 
side effects, such as injection site pain/redness, fever, 
muscle aches, digestive troubles and flu-like symptoms.36

Any changes to health will be collected once a month. 
Participants infected with COVID-19 will remain in the 
study and fill out questionnaires describing symptoms. In 
the case of hospitalisation or death, data will be extracted 
from the participant’s Quebec Health Record.

Data confidentiality and databank/biobank security
REDCap questionnaires are encrypted and kept at the 
URCA of the Centre de recherche Azrieli of the Centre Hospi-
talier Universitaire de Sainte-Justine. Data will be coded and 
the code kept by the principal investigator. Biological 
samples are collected in accordance with international 
standards.37 38 Samples will be stored at the Banque québé-
coise de la COVID-19 (BQC19) lab,39 under the responsi-
bility of the co-investigator.

Adverse events and data monitoring
Other than bloating, intestinal irritation or stool softer 
than usual, very few side effects are associated with 
probiotic use, although caution is warranted in criti-
cally ill patients.40 Vaccine safety and tolerance are well 
established in the elderly. A four-member monitoring 
committee chaired by Bruno Piedboeuf will be advised 
of all adverse events (serious adverse events, within 48 
hours; others, every 3 months). The steering committee 
will meet every 2 weeks. A scientific committee will meet 
monthly for 4 months and bimonthly thereafter. No 
interim analysis is planned.

COVID-19 infections
In the event of COVID-19 infection during the trial and 
prior to administration of the booster shot (as determined 
by rapid COVID tests upon declaration of symptoms), 
participants will be asked whether they wish to delay the 
booster for several months or forego it altogether. In 
either case, participants will remain in the trial. Investiga-
tional product regimen and data/sample collection will 
begin anew 2 weeks prior to the new vaccination date, if 
applicable.

Statistical analysis
Analysis is by intention-to-treat. Intervention and placebo 
groups will be compared at baseline for sociodemo-
graphic and clinical characteristics, as well as for micro-
biota composition. Results for continuous variables will be 
presented as means±SD or as geometric means and 95% 
CI and for categorical variables, as N (%). For the primary 
outcome, we will consider antibody level as a dichoto-
mous variable (detectable, undetectable) and use a gener-
alised method of moments logistic regression model with 
time-dependent covariates for longitudinal binary data. 
The model will be stratified in subgroup analyses by age 
and sex at three different timepoints (inclusion; 3 and 
6 months post-vaccination). If anti-S1-RBD antibodies as a 
quantitative variable is available, a GEE regression model 
with appropriate link function for continuous outcome 
will be used. Generalised linear models will be used to 
assess the effect of the group at specific timepoints (3 
months and 6 months). The outcomes at the three time-
points are the interaction between group (intervention vs 
control) and timepoint.41 Secondary outcomes at inclu-
sion and at 6 months post-vaccination will be analysed on 
log-transformed original measures for continuous vari-
ables; at 6 months, groups will be compared using analyse 
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of covariance (ANCOVA) with inclusion data covariates. 
CD4 and CD4/CD8 ratios with log-transformed antibody 
levels will be estimated using Spearman’s correlation and 
95% CIs. P values <0.05 will be considered statistically 
significant. For COVID-19 confirmed cases, a χ2 test of 
independence will be used to compare the proportion 
of symptomatic and asymptomatic participants between 
the study groups. Cox proportional hazard models will be 
used to compare the risk of a COVID-19 outcome between 
the study groups, measured at six different timepoints.

Sample size calculation
We calculated the sample size to discern an effect size of 
33% reduction in the number of participants presenting 
undetectable levels of anti-S1-RBD antibodies at 6 months 
post-vaccination. With an expected undetectable anti-
body level in 30% of the placebo group and therefore 
20% in the intervention group, an estimated 584 partici-
pants would provide 80% power and a two-tailed alpha of 
5%. With an estimated 15% attrition rate, the study would 
therefore require 688 participants.

Patient and public involvement statement
The study will involve the Patient-Partnership Stra-
tegic Committee (Comité stratégique patient-partenaire, 
CSPP) of the CR-CHUS, coordinator C. Wilhelmy and 
the Patient-Partnership Initiative (Initiative patient-
partenaire FMSS-UdeS et Réseau Universitaire Intégré 
de Sherbrooke), M. Garriss. In collaboration with the 
CIUSSS-Estrie living lab for geriatric research (Labora-
toire d’innovations par et pour les aînés, LIPPA), seniors 
will have the opportunity to join focus groups, collab-
orate at various stages of the research, and participate 
in the pilot study. We are also grateful to the National 
COVID-19 Clinical Trials Network, led by R. Fowler, 
and the Quebec Research Network on Aging, led by P. 
Gaudreau, for their support.

Ethics and dissemination
The study was approved by Research Ethics Board of 
the Centre Intégré Universitaire de Santé et des Services 
Sociaux de l’Estrie- Centre Hospitalier Universitaire de Sher-
brooke (CIUSSS de l’Estrie-CHUS) and the CHU de Québec-
Université Laval # MP-31-2022-4598. Written informed 
consent of all participants will be obtained for partic-
ipation in the study and publication of results (see 
online supplemental material). National and inter-
national regulations on participant privacy and rights 
will be followed.

Participants will receive compensation for their 
participation in the study. One payment at mid-study 
and another one at the end. Participants who travel to 
the clinical research centre CR-CHUS for venous blood 
samples or to obtain help from the research team for 
dried blood spot samples will receive a compensation 
supplement.

The results of the present study will be published in 
peer-reviewed journals and presented at international 
meetings/committees. We will also prepare communi-
cations for professionals and the general public.

DISCUSSION
This double-blind randomised controlled trial 
will test a probiotic supplement as an adjuvant for 
enhancing COVID-vaccine immune response in the 
elderly population. Improved immune response and 
extended spacing of vaccine booster doses in high-
risk populations are both major public health issues. 
If successful, probiotic adjuvants could rapidly be 
implemented worldwide. They have few side effects, 
are currently available without prescription and are 
relatively affordable. Furthermore, if a probiotic 
supplement can act as a COVID-19 vaccine adjuvant 
to enhance immunity, this low-cost intervention could 
lead to important benefits such as hospitalisation 
reductions, longer time between booster shots and 
higher immunity against new variants. This interven-
tion would then be clinically, socially and economi-
cally beneficial.
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